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© iVIethod for determining desired Image signal ranges, and method for determining desired Image 
regions. 



0 A method for determining a desired Image signal 
range comprises the steps of carrying out differenti- 
ation processing on image signal components of an 
Image signal conresponding to positions located 
along each of a plurality of lines on a recording 
medium having a radiation Image recorded thereon, 
which lines include lines extending across an image 
part corresponding to a radiation blocking material. 
Absolute values are found from the values resulting 
from the differentiation processing on the image 
signal components, which absolute values exceed a 
threshold value. The image signal components are 
extracted which conrespond to the points on . the 

a recording medium associated with the absolute val- 
ues exceeding the threshold value. A probability 
density function of the extracted image signal com- 
^ponents is generated, and a specific signal value Is 
found which Is detemiined by a signal value cor- 
Q responding to the maximum value of the probability 
§density function. The signal range on the higher 
m image density side than the specific signal value Is 
g determined as a desired image signal range. 
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BACKGROUND OF THE INVENTION 



Field of the Invention 

This invent/on relates to a method for deterniln- 
-ng a desired image signal range representing only 
• a desired part of a radiatiori image 6utside of an 
rmage part, such as an image part corresponding 
to a region injected with contrast media, which 
image part is different from an object image which 
itjs necessary to view, from an Image signal de- 
tected from a recording medium having the radi- 
aion image recorded thereon. This invention also 
relates to a method for determining a desired im- 
age region on a recording medium having a radi- 
ation image recorded thereon, which ima^ region 
carries only a desired image outside of In iml^ 
part, such as an image part corresponding to a 
region injected with contrast media, which Image 
part IS different from an object image which it Js 
necessary to view. 



Description of the Prior Art 



When certain kinds of phosphors are exposed 
to radiation such as X-rays, o-rays. /}-rays. v^ays 
cathode rays, or ultraviolet rays, they sto^ S 

Phor which has been exposed to the radiation is 
exposed to stimulating rays such as visible light 
IS emitted by the phosphor in proportion to the 

referred to as a stimulable phosphor 

As disclosed in U.S. Patent No. 4.258.264 and 
;S^l!f^,ar^'^''"^"^ Publication No. 56- 

wf t ^ • P'°P'^'^ to stlmula- 

Snin '"lage recording and 

reproduang systems. Specifically, a sheet provided 

rlri^r ^"""ablo phosphor (hereinafter 
refa«Mf to as a stimulable phosphor sheet) is first 
exM«d. JO radiation which has passed through an 
ob,ect such as the human body in order to store a 
rad.at.on miage of the object thereon, and Is then 
sinned Witt, stimulating rays, such as a laser 
team, which cause it to emit light in proportion to 

J.^ "9*'* ^'"'"^•^ by th stimulable 
phosphor sheet upon stimulation tfiereof is 



Photoelectrically detected , and converted into an 
electnc image signal, and the image signal is used 
to reproduce the radiation image of the object as a 
MSible image on a recording material such as pho- 
5 tographic film, a display device such as a cathode 
ray tube (CRT), or the like. « cainoae 

^nin*® racording and 

reproducing systems, in order to eliminate vLus 
problenis caused by variations in the input informa- 

good im^e quality which can serve as an effective 
tool m for example, the efficient and accurate 
diagnosis of an illness, it is desirable to ascertS^ 
rs 1 °' ""^^ '"P"* '"ton^ation 

visible image so that the read-out gain can be 
Hrl"^f?K '° 'PP'°P"3to value. The characteris- 
tics of the image input information depend on the 

20 TTT T^'r ^ ""^^ '«<»rded. such 

'"P"t pattern 

e.g. tte chest or the abdomen of a human body) Is 
recorded, and on the image recorting mShod 

^age recording. Determining the characteristics of 
hi r,^°^' •'ereinatier slmjjly 

i^fofr''^.^^ image inS 

. nfomiation.- It is also desirable to adjust ^e scSS 
00 factor ,n accordance with the contrast in the im2 
jnput pattern in order to optimize the resolution of 
«ie reproduced visible image. '""on or 

4 52?oeoT"^K'' '^^"^'^ "-S- P^tont No. 
as tn^I'T y *° ^==^rtain the image 

SJt"'i''°"''^'°'^«^«^'«'''te''"^eisrepr^ 
du^d. In the disclosed method, a preliminary 
S, (hereinafter refen^l to « 

prenminary readout") is can-led out to ascertain 
ti^e jmage input infomiation of a radiation image 

?«S ' ^''^^t- During S 

p^hminary readout, stimulating rays are used 

r r '"''^y level lower Hian the eneray 
level of tiie stimulating rays used in a final read^S 
operation (hereinafter referred to as "iS 
« ^adout-). Which obtains a visible image ZloH^ 
be viewed and used, particuiariy for diagnostiS 

ZTLT\ •'^!,P-'--^ Readout is'cot 
Pieted. ttie final readout is carried out. In the final 
readout, the read-ou, gain and/or the sca^! a^or S 
so adjusted to an appropriate valu . and/o^pSa te - 
signal processing Of tt,elmag signal is S'nduS! ' 

tain d dunng th preliminary readout 

Various methods may be used for approxl- 
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mately ascertaining th image input information of 
the image stored on the stimulable phosphor sheet 
from a preliminary read*out image signal obtained 
during the aforesaid preliminary readout One 
method is to utilize a histogram {or a probability 5 
density function) of the preliminary read-out Image 
signal. Specifically, the image input information can 
be ascertained from, for example, a characteristic 
value such as the maximum signal value, the mini- 
mum signal value, or a signal value which occurs io 
most frequently, i.e. the signal value con'esponding 
to the maximum value of the histogram. Therefore, 
when the read-out conditions such as the read-out 
gain and the scale factor and/or the image process- 
ing conditions . are adjusted on the basis of the is 
histogram, it is possible to reproduce a visible 
radiation Image having an Improved image quality, 
which makes the image a particularly effective tool 
In. for example, the accurate and efficient diagnosis 
of an illness. 20 

On the other hand, in the course of radiation 
image recording, it is often desirable for portions of 
the object not related to a diagnosis or the like to 
be prevented from being exposed to radiation. 
Therefore. In many cases, when a radiation Image 25 
is recorded, a radiation blocking plate made of lead 
or the like is placed at part of the object. Also, an 
organ of a human body ..is often injected with con- 
trast media, such as barium, which have a high 
radiation absorptivity so that an image of an object 30 
portion which it is . necessary to view is recorded 
clearly. Th^ contrast , media (specifica^ negative 
cohtrs^ media) arid the rad^ plate aire 

different in their effects, but have High radiation 
absorptivities. Therefore, the Image parts corre- 35 
spending to the contrast media and the radiation 
blocking plate have markedly low densities in the 
reproduced radiation images. 

Therefore, in cases where an image of contrast 
media or a radiation blocking plate has been re- 4o 
corded together with a radiation Image of an object 
on a stimulable phosphor sheet, the image input 
information of the radiation image stored on the 
stimulable phosphor sheet is ascertained incorrect- 
ly. (A material having a high radiation absorptivity, 45 
such as contrast media or a radiation blocking plate 
is hereinafter referred to as a radiation blocking 
material.) Spedrically. in the aforesaid cases, since 
components of the image signal representing the 
image- part conresponding to the radiation blocking 60 
material are also included in a histogram of the 
Image signal, the signal components having small 
values (low image density) occur comparatively 
frequently. Therefore, the imag input information 
is ascertained as if th object image which it Is ss 
necessary to view had a low image density as a 
whole. 

In order to eliminate the aforesaid problems, a 



method has heretofore been used wherein a range 
of image signal components on a low image den- 
sity side which components represent an image 
part corr spending to a radiation blocking material 
is eliminated from a histogram of a preliminary 
read-out image signal and image input information 
Is ascertained from the remainder of the histogram. 
However, the range over which the image signal 
components representing the image part conre- 
sponding to a radiation blocking material are dis- 
tributed varies in accordance with, for example, 
what portion of an object Is recorded and what 
image recording method is used. Therefore, with 
the conventional method, it is not always possible 
to ascertain accurately the range over which the 
Image signal components representing the Image 
part corresponding to a radiation blocking material 
are distributed (stated reversely, the range over 
which the image signal components representing a 
desired image part, which it is necessary to view 
and which is outside of the image part correspond- 
ing to the radiation blocking material, are distrib- 
uted). 



SUMMARY OF THE INVENTION 



The primary object of the present Invention is 
to provide a method for accurately determining a 
desired image signar r€uige repriesfeiiting onl^ a 
desired part of a radiation image, which It is neces- 
sary, to viewlarid which is .outside of thV 
conresponding to a radiation blocking materiiatr 

Another object of the present invention is to 
provide a method for accurately detenmlning a de- 
sired image region on a recording medium having 
a radiation Image recorded thereon, which Image 
region canries only a desired Image which It Is 
necessary to view and which is outside of the 
image part corresponding to a radiation blocking 
material. 

The present invention provides a method for 
determining a desired image signal range substan- 
tially representing only a desired part of a radiation 
image which part is outside of an image part cor- 
responding to a radiation blocking material, from an 
image signal which has been detected during an 
image read-out operation from a recording medium 
having the radiation image recorded tiiereon to- 
gether with an image of the radiation blocking 
material, 

the metiiod for determining a desired image signal 
range comprising ttie steps of: 

1) carrying out differentiation processing on' 
image signal components of said image signal cor- 
responding to positions located along each of a 
plurality of lines on said recording medium, which 
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lines include lines extending across the image part 
corresponding to said radiation blocking matertaJ, 

ii) finding th absolute values among the 
values resulting from the carrying out of the dif- 
ferentiation processing on said irnage signal com- 

. ponents. which absolute values exceed a predeter- 
mined threshold value, and extracting the image 
signal components which correspond to the points 
on said recording medium associated with the ab- 
solute values exceeding said threshold value. 

iii) generating a probability density function 
of the extracted image signal components, and 
finding a specific signal value which is determined 
by a signal value con-esponding to the maximum 
value of the probability density function, and 

iv) determinina the signal range on the high- 
' er image density side than said speciOc signal 

value as said desired image signal range. 

In a radiation image, an image part correspond- 
ing to a radiation blocking material such as contrast 
media has an image density markedly lower than 
the image density at the other parts of the radiation 
image. Specifically, the image density changes 
sharply at the contour of the image part corre- 
sponding to the radiation blocking material. There- 
fore, in general, the absolute values of the differen- 
tiated values resulting from the carrying out of the 
differentiation processing on the image signal com- 
ponents are markedly large at the points on the 
contour of the image part con-esponding to the 
radiation blocking material. Of course, the absolute 
values of the differentiated vialues will be large also 
at the points inside of the objebt image part (for 
example, at the points con-espondlng to edges of a ' 
bone). However. In general, in cases where an 
image of a radiation blocking material is embedded 
in a radiation image, markedly large absolute val- 
ues of the differentiated values occur very fre- 
quently at the points on the contour of the image 
part corresponding to the radiation blocking ma- 
terial. Therefore, in the method for determining a 
desired image signal range in accordance with the 
present invention, a probability density function of 
the image signal components, which con'espond to 
the points on the recording medium associated 
with the absolute values exceeding a threshold 
value, is generated. The signal value which occurs 
most frequently. i.e. the signal value corresponding 
to the n^aximun value of the probability density 
function, represpnts the image density at the points 
on the contour of the image part corresponding to 
the radiation ci-cking material. Accordingly, it can 
be regarded *naf the signal range on the lower 
image density s:ae than the signal value corre- 
sponding to The maximum value of the probability 
density funcccr is the signal range representing 
the image part ccrr spending to the radiation bloc- 
king materia:. Scited differentiy. it can be regarded 



that the signal range on the higher image density 
side than the signal value corresponding to the 
maximum value of the probability density function 
is the signal range representing the desired Image 
5 part which it is necessary to view. 

Basicaliy. as described above, it can be re- 
garded that the signal range on the higher image 
density side than the signal value corresponding to 
the maximum value of the probability density func- 
w tion is the signal range representing the desired 
image part outside of the image part corresponding 
to the radiation blocking material. (Specifically, in 
this case, the signal value corresponding to the 
maximum value of the probability density function 
15 IS employed as the specific signal value which is 
determined by the signal value corresponding to 
the maximum value of the probability density func- 
tion.) Strictly speaking, it often occurs that the 
image density at the points on the contour of the 
20 image part corresponding to the radiation blocking 
material is slighUy higher than the image density at 
the image part con'esponding to the radiation bloc- 
king material. In such cases, the signal value cor- 
responding to the maximum value of the probability 
25 density function may often be equal to or larger 
than the values of the image signal components 
representing an object image part having a very 
low image density. Therefore, if the signal value 
corresponding to the maximum value of the prob- 
30. ability density furictlbh is used in order to deter^ 
mine a desired image signal range, the Iniage 
signal components represehtingj^tHe bbje^^ jrhage 
part having a very lovi image den% are exd^^ 
from the desired image signal raiige. In order to 
35 eliminate such problems. Instead of the signal val- 
ue corresponding to the maximum value of the 
probability density function being employed, a sig- 
nal value on the image density side slightly lower 
than said signal value corresponding to the maxi- 
40 mum value of the probability density function 
should be employed as the specific signal value 
which is determined by the signal value corre- 
sponding to the maximum value of the probability 
density function. 
4S As described above, with the method for deter- 
mining a desired image signal range in accordance 
with the present Invention, points on a radiation 
image which are considered to be present on the 
contour of an image part corresoonding to a radl- 
50 ation blocking material are detected, and image 
signal components conresponding to saia points 
are extracted. A probability density function of the 
extracted image signal components are generated 
and a specific signal value which is determined by 
55 the signal value corresponding to the maximum 
value of the probability density function is found 
Thereafter, the signal rang on the higher Image 
density side than the specific signal value Is deter- 
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mined as the desired Image signal range r pre- 
senting the image part outside of the image part 
conresponding to the radiation blocking material. 
Therefore, it is possible to determine the desired 
image signal range accurately. Accordingly, in 
cases where the method for determining a desired 
Image signal range in accordance with the present 
invention is utilized to adjust read-out conditions 
and/or image processing conditions, it becomes 
possible to set the read-out conditions and/or the 
image processing conditions suitable for the image 
input information excluding the Information about 
the image part corresponding to the radiation bloc- 
king material, and to reproduce a visible image 
suitable for viewing purposes, particularly for di- 
agnostic purposes. 

The present invention also provides a first 
method for determining a desired image region on 
a recording medium having a radiation Image of an 
object recorded thereon together with an image of 
a radiation blocking material, which image region 
substantially canies only a desired image part out- 
side of the image part corresponding to the radi- 
ation blocking material. 

the method for determining a desired Image region 
comprising the steps of: 

i) carrying out an Image read-out operation 
from said recording medium in order to obtain an 
Image^signal. 

il) can7ing out differentiation processing on 
image .signal coririponents of said image signal cor- 
responding to pdsjtipris located along each of a 
plurality of lines on said recording mediUm. which 
lines include lines extending across the image part 
con-esponding to said radiation blocking material. 

iii) finding the absolute values among the 
values resulting from the carrying out of the dif- 
ferentiation processing on said image signal com- 
ponents, which absolute values exceed a predeter- 
mined threshold value. 

Iv) dividing tiie area of said recording me- 
dium Into a plurality of small blocks, and finding 
the degree of occurrence with which Uie points on < 
said recording medium associated with tiie ab- 
solute values exceeding said threshold value occur 
in each of said small blocks, and 

v) determining a group of tiie snfiall blocks, 
in which the degrees of occurrence of said points 
are not higher than a predetermined degree, as 
said desired image region. 

The present Invention furtiier provides a sec- 
ond metiiod for detemnlning a desired image region 
on a recording medium having a radiation image of 
an object recorded tiiereon together wiUi an image 
of a radiation blocking matenal, which image region 
substantially can-ies only a desired image part out- 
side of the Image part corresponding to the radir 
ation blocking material, 



the method for determining a desired image region 
comprising tiie steps of: 

i) carrying out an image read-out operation 
from said recording medium in order to obtain an 

5 image signal. 

ii) dividing the area of said recording me- 
dium into a plurality of small blocks, and carrying 
out orthogonal transformation of image signal com- 
ponents of said image signal conresponding to 

10 each of said small blocks In order to obtain trans- 
formed signal components, 

ill) finding a characteristic value, which re- 
presents the proportion with which super-high fre- 
quency components are present In the Image in- 

;5 formation corresponding to the region inside of 
each said small block, from tiie transformed signal 
components, and 

iv) determining a group of tiie small blocks 
associated with tiie proportions, which are repre- 

20 sented by tiie characteristic values and which are 
smaller than a predetermined value, as said de- 
sired image region. 

The present invention still furtiier provides a 
tiilrd metiiod for determining a desired image re- 

25 gion on a recording medium having a radiation 
image of an object recorded tiiereon togetiier with 
an image of a radiation blocking material, which 
image region substantially carries only a desired 
image part outside of tiie Image part conresponding 

30 to tiie radiation blocking material, 
the. method for dete^^ 
comprising the steps of: 

i) carrying biit an Image iread-^ut opeirsition 
from said recording medium in order to obtain ah 

3$ Image signal, 

ii) setting a logical space having a plane 
corresponding to said recording medium, and set- 
ting coordinate points, which correspond to posi- 
tions of picture elements located on said recording 

40 medium, In said plane, 

iii) expressing tiie values of said imago sig- 
nal at the positions of tiie picture elements cor- 
responding to the. respective coordinate points as 
tiie distances between points, which are spaced 

45 apart in a predetermined direction from the respec- 
tive coordinate points, and the conesponding co- 
ordinate points, 

iv) dividing said plane into small divisions 
. . . corresponding, to small blocks of said recording 
50 medium, and calculating tiie surface area of a 

plane In which all of said points spaced from tiie 
respective coorelinate points in each said small 
division liOi and 

v) calculating tiie ratio of said surface area to 
55 tfie area of each said small division, and determin- 
ing a group of tii small blocks of sad recording 
medium corresponding to the small divisions asso- 
ciated witti tiie ratios which are smaller ttian a 
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predetermined value, as said desired image region. 

In a radiation image, as <3escribed above, an 
imag part corresponding to a radiation blocking 
material such as contrast media lias an image 
density markedly lower tfian the image density at 
the other parts of the radiation image. Also, the 
image part corresponding to the radiation blocking 
material was exposed to radiation scattered by the 
object when the radiation image of the object was 
recorded. Therefore, the image part coh-esponding 
to the radiation blocking material is rough, and 
more noise components than in image signal com- 
ponents representing the other parts of the radi- 
ation image are included in the image signal com- 
ponents representing the image part corresponding 
to the radiation blocking material. 

Therefore, in the first method for determining a 
desired image region in accordance with the 
present invention, the absolute values of the dif- 
ferentiated values obtained from differentiation pro- 
cessing are mari<edly large at the noise compo- 
nents. Also, in the image part corresponding to the 
radiation blocking material, many points associated 
with markedly large absolute values of the differen- 
tiated values occur. Accordingly, it can be regarded 
that the small blocks, in which the degrees of 
occurrence of the points assocrjaed with markedly 
large absolute values of the differentiated values 
are higher than a _ predetennined degree, are 
present in image part cdrfespondirig^ -to^^^^ 
radiation, blocking material. To put in another way 
It can be; regarded, that the small blocks, in which 
the de^rees^ioai^ 

with markediy la^e abwluk \&uw tl^ dlffereri- 
tiated values are not higher- than a predetermined 
degree, are present in the desired image region 
Therefore, a group of the small blocks, in which the 
degrees of occurrence of the points associated with 
maricedly large absolute values of the differentiated 
values are not higher than a predetermined degree. 
IS determined as the desired Image region. 

In the second method for determining a de- 
sired image region in accordance with the present 
invention, .n cases where the image information 
corresDcnaipg to tfie region inside of a small block 
of the .'ecoroing medium Includes many noise 
comporents. the values of the transfomied signal 
components, which are obtained from the ortho- 
gonal transformation of said Image Information and 
whicn correscond to the super-high frequency 
comocnen^J of said image information, are larger 
than :he /aiues of the transfomred signal compo- 
nents carresDonding to a small block including few 
noise components. Therefore, the transformed sig- 
nal components con-espondlng to a block located 
in the image part correspondrng to the radiation 
blocking material represent a higher proportion, 
with which super-high, fi-equaicy components are 



present in the image information, than the propor- 
tions which the transformed signal components 
corresponding to the ther blocks, i.e. the blocks 
located in the desired image region. Accordingly, it 
5 can be regarded that the small blocks associated 
with the proportions, which are determined from 
the transformed signal components and which are 
not smaller than a predetemnined value, are 
present in the Image part con-esponding to the 
fo radiation blocking material. Also, it can be regarded 
that the small blocks associated with the propor- 
tions smaller than the predetermined value, are 
present in the desired Image region. Therefore, a 
group of the small blocks associated with the pro- 
/5 portions smaller than the predetermined value Is 
determined as the desired image region. 

In the third method for determining a desired 
image region in accordance with the present inven- 
tion, the coordinate points which correspond to 
20 positions of picture elements located on the record- 
ing medium are set in the plane of the logical 
space which plane corresponds to the recording 
medium. The values of the image signal at the 
positions of the picture elements corresponding to 
25 the respective coordinate points are expressed as 
the distances between the points, which are 
spaced apart in a predetermined direction from the 
respective coordinate points, and the con-espond- 
ing coordinate points. The plane is divided into the 
50 small^divi5^ons:c6n^^ 

recording; medium, and said points corresponding 
to the respective coordinate points located in each 
of the small divisions are considered; When the 
values of the image slgn^ ffluctok^ shipliri the^ 
35 distances of said points from ttie corresponding 
coordinate points change sharply. As a result, the 
surface area of a plane in which all of said points 
spaced from the respective coordinate points in 
each small division lie becomes' large. As de- 
40 scribed above, the Image signal components repre- 
senting the image part corresoonding to the radi- 
ation blocking material Include many noise compo- 
nents caused by scattered radiation, and the values 
of the image signal components fluctuate sharply 
45 Therefore, it can be regardea that the small blocks 
of the recording medium corresponding to the 
small divisions associated with the ratos which are 
not smaller than a predetermined value are present 
fn the image part corresponding to the radiation 
50 blocking material. Conversely li-can be regarded 
that the small blocks of ffu» reccrcfing medium 
corresponding to the smalt divisions associated 
with the ratios which are smaiter than a predeter- 
mined value are present in the desired image re- 
55 gion. Ther fore, a group of the small blocks of the 
recording medium con*espondlng to the small di- 
visions associated with tne ratios which are smaller 
than a predetermined vaiue is determined as the 
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desired image region. 

With the first, second and third methods for 
determining a desired image region in accordance 
with the present invention, a desired image region 
outside of an image part which corresponds to a 
radiation blocl<ing material and which includes 
much noise can be determined accurately. There- 
fore, in cases where the first, second and third 
methods for determining a desired image region in 
accordance with the present invention are utilized 
to adjust read-out conditions and/or image process- 
ing conditions, it becomes possible to set the read- 
out conditions and/or the image processing con- 
ditions suitable for tiie image input information ex- 
cluding the information about the image part cor- 
responding to Uie radiation blocking material, and 
to reproduce a visible image suitable for viewing 
purposes, particularly for diagnostic purposes. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a schematic view showing a 
radiation image recording and reproducing system 
wherein an embodiment of tiie method for deter- 
mining a desired image signal range in accordance 
witii the present invention Is employed, 

Rgures 2 and 3 are explanatory views show- 
ing tiie states of radiation images stored on 
stimulable phosphor sheets, 

Rgure 4A is a griaph showing tine distribution 
of image signal components in tiie eirhbodlment of 
the method for determining a desired image signal 
range in accordance with tiie present Invention. 

Rgure 46 is a graph showing the distribution 
of the values of tiie differences between neighbor- 
ing Image signal components in the embodiment of 
tiie metiiod for determining a desired image signal 
range in accordance wttii tiie present invention, 

Rgure 5 is a block diagram showing part of 
tiie radiation image recording and reproducing sys- 
tem shown in Rgure 1 , 

Rgure 6 is a graph showmg tiie probability 
density function of extracted »mage signal compo- 
nents In tiie embodiment of the metiiod for deter- 
mining a desired Image signal range In accordance 
witii the present invention* 

Rgure 7 is a graph showing ^e probability 
density function of desired image signal compo- 
nents in tiie embodiment of Oie method for deter- 
mining a desired image signal range in accordance 
witii tiie present tnventicn. 

Figure 8A is a graph shcwng the distribution 
of image signal compcrrems m embodiments of tiie 
metiiod for determming a desisad Image region in 
accordance witii Ui present inveesfion. 

Rgure SB is a graph slromf^ the distribution 



of the values of ttie differences betw en n ighbor- 
ing image signal components in ttie embodiments 
of tiie method for determining a desired image 
region in accordance with the present invention. 

5 Rgure 9 is a block diagram showing an 

image region determining means of a radiation 
image recording and reproducing system wherein a 
first embodiment of the metiiod for determining a 
desired image region in accordance with tiie 

to present invention Is employed. 

Rgure 10 is a schematic view showing tiie 
blocks of a stimulable phosphor sheet in the first 
embodiment of the metiiod for determining a de- 
sired image region in accordance witii tiie present 

;5 invention is employed. 

Rgure 11 is a block diagram showing an 
image region determining means of a radiation 
Image recording and reproducing system wherein a 
second embodiment of the metiiod for determining 

20 a desired image region Jn accordance with the 
present invention is employed. 

Rgure 12 is an explanatory view showing 
how a stimulable phosphor sheet Is divided into 
small blocks in order to cany out orthogonal trans- 

25 formation in tiie second embodiment of tiie method 
for determining a desired image region in accor- 
dance with the present Invention is employed, 

Rgure 13 is an explanatory view showing 
how transformed signal components obtained from 

30 otfiogonal transformation are arrayed. 

Rgure 14 is a block diagram showing an 
image region determining meanis of a radiation 
Image recording and reproducing: system wherein a 
tiiird embodiment of tiie method fbr detenmlhlng a 

35 desired Image region in accordance witii tiie 
present invention is employed, and 

Rgure 15 is an explanatory view showing ttie 
tiiird embodiment of tiie metiiod for determining a 
desired image region in accordance witti tiie 

40 present Invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The present invention will hereinbelow be de- 
scribed in furtiier detail witti reference to tiie ac- 
companying drawings. 

With reference to Rgure 1. a radiation image 

so recording and reproducing system wherein an em- 
bodiment of the method for determining a desired 
image signal range In accordance with tiie present 
invention is employed comprises basically a radi- 
ation Image recording section 20. a preliminary 

55 read-out section 30. a final read-out section 40. and 
an image reproducing section 50. In tiie radiation 
image recording section 20, a radiation 102 is 
emitted toward an object 101 by a radiation source 
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.100 constituted of an X-ray tube or the like. A 
stimulable phosphor sheet 103 for storing radiation 
energy thereon is placed at a position where it Is 
exposed to the radiation 102 which has passed 
through the object 101. and a radiation image of 
the object 101 is stored on the stimulable phosphor 
sheet 103., 

The stimulable phosphor sheet 103 carrying 
the radiation image of the object 101 stored there- 
on is sent to the prellmmary read-out section 30 by 
a sheet conveyance means 110 constituted of a 
conveyor roller or the like. At the preliminary read- 
out section 30. a laser beam 202 produced by a 
laser beam source 201 first passes through a filter 
203 which filters out fight having wavelengths within 
the range pf wavelengths of the light emitted by the 
stimulable phosphor sheet 103 upon stimulation 
thereof by the laser beam 202. Then, the laser 
beam 202 is one-dimensionaily deflected by a light 
deflector 204 such as a galvanometer mirror and 
directed onto the stimulable phosphor sheet 103 by 
a plane reflection min-or 205. The laser beam 
source 201 is selected so that the laser beam 202 
produced thereby has a wavelength distribution 
different from and. far apart from the wavelength 
distribution of the light; emitted by the stimulable 
phosphor sheet 103 when it Is stimulated. . While 
-^theJaser beam- 202 impinges upon the stimulable 
phosphor sheet 103. the stimulable phosphor sheet 
103 is moved in the direction indicated by the* 
arrow 206 (i.e. in the sub-scanning direction) by a 
sheet conveyance means 210 constituted of con- 
veyor rollers or the like, and thus the overall sur- 
face of the stimulable phosphor sheet 103 is ex- 
posed to and scanned by the laser beam 202. The 
power of the laser beam source 201. the beam 
diameter of the laser beam 202. the speed with 
which the laser beam 202 scans, and the speed at 
which the stimulable phosphor sheet 103 moves ' 
are selected so that the level of the stimulation 
energy of the laser beam 202 used during the 
preliminary readout is lower than the level of the 
stimulation energy of the laser beam used during 
. the final readout carried out in the final read-out 
section 40. 

When it is exposed to the laser beam 202 as 
described above, the stimulable phosphor sheet 
103 emits light in an amount proportional to the 
amount of energy stored thereon during exposure 
to the radiation, and the emitted light enters a light 
guide member 207 which may oe of the shape and 
material disclosed in U.S. Patent No. 4.346.295. 
The light is guided inside of the light guide mem- 
ber 207 through total reflection, emanates from a 
light output face of th light guide member 207 and 
Is received by a photodetector 208 constituted of a 
photomultiplier or the like. The light receiving face 
of the photodetector 208 is positioned so that it is 



in close contact with a filter which transmits only 
light haying wavelengths within the range of 
wavelengths of light emitted by the stimulable 
phosphor sheet 103 and filters , out light having 
5 wavelengtiis within the range of wavelengths of the 
stimulating rays, so that the photodetector 208 de- 
' tects only the light emitted by the stimulable phos- 
phor sheet 103 upon stimulation thereof. The light 
detected by the photodetector 208 is converted 
w into an electric signal carrying the image input 
information stored on the stimulable phosphor 
sheet 103, and amplified by an amplifier 209. The 
signal generated by the amplifier 209 is digitized 
by an A/D converter 21 1. and sent as a preliminary 
15 read-out image signal Sp to a final read-out control 
circuit 314 in the final read-out section 40. On the 
basis of tiie image input infomiation which the 
preliminary read-out image signal Sp represents, 
the final read-out control circuit 314 calculates a 
20 read-out gain setting value (a), a scale factor set- 
ting value (b). and a reproduced image processing 
condition setting value (c). The preliminary read-out 
image signal Sp is also sent to an image signal 
range determining means 220 wfiich will be de- 
25 scribed in detailiater. 

After me preliminary readout from the stimula- 
ble phosphor sheet 103 is finished, the stimulable • 
phosphor sheet 103 is sent to tiie final read-out 
section 40. In this section,, a laser beam 302 pro- 
30 duced by a laser beani source 301 first passes 
through a filter 303 which filters out light having 
wavelengtiis within tiie range of the wavelengths of 
light emitted by the stimulable phosphor sheet 103 
upon stimulation thereof by the laser beam 302. 
3S Then, ttie beam diameter of tfie laser beam 302 is 
precisely adjusted by a beam expander 304. The 
laser beam 302 Is then deflected by a light deflec- 
tor 305 fomied of a galvanometer mirror or the like, 
and is made to impinge upon the stimulable phos- 
40 phor sheet 103 by a plane reflection mirror 308 
Between the light deflector 305 and the olane re- 
flection mln-or 306, an fo lens 307 is disposed for 
keeping tfie beam diameter of tiie laser beam 302 
uniform as it scans Oie stimulable phosphor sheet 
45 103. While the laser beam 302 impinges upon tfie 
stimulable phosphor sheet 103. the stimulable 
phosphor sheet 103 is moved in the direction in- 
. dicated by the arrow 308 (i.e. in the sub-scanning 
direction) by a sheet conveyance means 320 con- 
50 stituted of conveyor rollers or ttie like and. con- 
sequently, tfie overall area of the stimulable phos- 
phor sheet 103 is exposed to and scanned bw the 
laser beam 302. Upon exposure to ttie laser ceam 
302. tiie stimulable phosphor sheet 103 emits light 
55 in proportion to the amount of energy stored there- 
on during exposure to radiation, and tiie light emit- 
ted enters a light guide member 309 which is 
made of tfie same material and has the same 
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configuration as the light guide member 207 used 
for the preliminary readout The light emitted by 
the stimulable phosphor sheet 103 is guided inside 
of the light guide member 309 through repeated 
total reflection, emanates from the light output face 
of the light guide member 309 and is received by a 
photodetector 310 constituted of a photomuttiplier 
or the lil<e. The light receiving face of the 
photodetector 310 is positioned in close contact 
with a filter which selectively transmits only the 
light having wavelengths within the range of 
wavelengths of light emitted by the stimulable 
phosphor sheet 103, so that the photodetector 310 
detects only the light emitted thereby. 

The output of the photodetector 310, which 
photoelectrically detects the light emission repre- 
senting the radiation image stored on the stimula- 
ble phosphor sheet 103. is amplified to an appro- 
priate level by an amplifier 311. The gain of the 
amplifier 311 is adjusted on the basis of the read- 
out gain setting .value (a) calculated by the control 
circuit 314. The amplified electric signal is fed into 
an A/D converter 312 which converts the electric 
signal into a digital signal by use of a scale factor 
which is adjusted by the scale factor setting value 
(b) to suit the width in the fluctuation of the values 
of the signal. The digital signal thus obtained is fed 
into a signal processing circuit 313, in which it is 
subjected to signal processing (Image processing), 
the nature of which signal processing is based on 
the reproduced image processing condition setting 
value (c). After the digital signal Is processed, a 
visible radiation image is obtained which Is suitable 
for viewing, particularly for diagnostic purposes. 

The processed digital signal is output as a 
read-out Image signal (a final read-out image sig- 
nal) So. The final read-out Image signal So gen- 
erated by the signal processing arcuit 313 is fed 
into a light modulator 401 in the Image reproducing 
section 50. In the image reproducing section 50, a 
laser beam 403 produced by a reproducing laser 
beam source 402 is modulated by the iight 
modulator 401 on the' basis of the final '©ad-out 
image signal So received from the signal orocess- 
Ing circuit 313, and is made to impings upon a 
photosensitive material 405 such as phctcgraohic 
film by a scanning mirror 404 which causes the 
laser beam 403 to scan the photosensitive material 
405. At this time, the photosensitive material 405 is 
moved in a direction normal to the aforesaid scan- 
ning direction, i.e. in the direction indicated by the 
arrow 406. Accordingly, the radiation image pre- 
sented by the final read-out image signal So is 
recorded on the photosensitive material 405. To 
reproduce the radiation Imag . it is possible to use 
any other appropriate method such as the afore- 
said method using a CRT display device. 

A radiation Image of an organ injected with 



contrast media having a high radiation absorptivity 
is often recorded on the stimulable phosphor sheet 
103. Rgure 2 shows an example of such a radi- 
ation image stored on the stimulable phosphor 

s sheet 103. In Rgure 2. E denotes the image part 
corresponding to the walls of the stomach, and K 
denotes the image part corresponding to the region 
injected with contrast media. Also, a radiation bloc- 
king plate is often placed at part of the object 101 

10 when the radiation image of the object 101 is 
recorded. Figure 3 shows an example of such a 
radiation Image stored on the stimulable phosphor 
sheet 103. In Rgure 3. J denotes the image part 
coresponding to the radiation blocking plate. The 

15 image part K corresponding to the region Injected 
with contrast media and the image part J cor- 
responding to the radiation blocking plate have 
image densities markedly lower than the density of 
the object Image part related to a diagnosis. 

20 A technique for accurately adjusting the read- 
out gain setting value (a), the scale factor setting 
value (b) and the image processing condition set- 
ting value (c) when the radiation image includes the 
image part K corresponding to. the region injected 

25 with contrast media or the image part J corre- 
sponding to the radiation blocking plate will herein- 
below be described with reference to Rgure 5. As 
shown in Rgure 5. the control circuit 314 com- 
prises a signal extracting section 350. a probability 

30 density function analyzing section 351. a read sec- 
tion 352. and a storage section 353. The aforesaid 
preliminary read-out Image signal Sp is fed Into the 
signal^xti-acting section 350 which ^extracts a pre- 
liminary read-out image signal Sp only within a 

35 specified region as will be described later. The 
preliminary read-out Image signal Sp' is sent from 
the signal extracting section 350 to Uie probability 
density function analyzing section 351. The prob- 
ability density function analyzing section 351 ere- 

40 ates a probability density function of tiie prelimi- 
nary read-out image signal Sp . calculates the 
maximum value of ttie signal, tiie minimum value of 
the signal, tiie signal value which occurs most 
frequentiy. i.e. the signal value corresponding to ' 

4S the maximum value of the probability density func- 
tion, or the like, and feeds a signal Sr representing 
the calculated value into the read section 352. The 
storage section 353 stores Uie read-out gain setting 
value (a), tiie scale factor setting value (b). and tiie 

so Image processing condition setting value (c) suit- 
able for tiie aforesaid maximum value, minimum 
value, signal value which occurs most frequentiy. 
or the like. The read section 352 reads tiie setting 
values (a), (b) and (c) suitable for the signal Sr 

66 from tiie storage section 353, and feeds them 
respectively into tiie amplifier 311, tiie A/D con- 
verter 312, and th signal processing circuit 313. 
How ttie signal extracting section 350 extracts 
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a signal will now be described below. Th image 
signal range determining moans 220 is composed 
of a differentiation processing section 221, a 
threshold value adjusting section 222, a prospec- 
tive contour point signal detecting section 223. a 
signal extracting section 224. and a probability 
, density function analyzing section 225. The prelimi- 
nary read-out image signal Sp is fed Into the dif- 
ferentiation processing section 221 and the signal 
extracting section 224. The differentiation process- 
ing section 221 differentiates the components of 
the preliminary read-out image signal Sp corre- 
sponding to positions on the stimulable phosphor 
sheet 103 located along a line Dl. then along lines 

^3 shown in Figure 2 or Rgure 3. 

Differentiation processing may be of the one-di- 
mensional type of first or higher order, or may be 
of the two-dimensional type of first or higher order 
In cases of a discretely sampled image, differenti- 
ation Is equivalent to calculation of the difference 
between the values of neighboring image signal 
components. In this embodiment, the difference in 
the values of neighboring image signal components 
IS calculated. The lines Dl through On are set so 
that they cover all area of the stimulable phosphor 
sheet 103 and at least some of them extend across 
the image part corresponding to the radiation bloc- 
king material such as the image part J correspond- 
ing to the radiation blocking plate. In this embodi- 
ment the lines Dl through On are parallel to one 
side ot the stimulable phosphor sheet 103 and are 
spaced; apart from one another. Alternatively, a 
plurality . of lines may be set which radiat^ froiri the 
center point of the stimulable phosphor sheet 103. 

Differentiation processing is carried out, and 
the differences among image signal components of 
the preliminary read-out image signal Sp corre- 
sponding to adjacent positions on the stimulable 
phosphor sneet 103 are calculated. A signal Sm 
representing the differences Is fed into the pro- 
spective ccntour point signal detecting section' 223. 
Based cr the signal Sm representing the differ- 
ences and a signal Sth which represents a thresh- 
old value Th aro ^nich is received from the thresh- 
old value 3Ci;.siiag , section 222, the prospective 
contour ocmt signal detecting section 223 detects 
proscectve contour points which are considered to 
be oreseiH on a contour of the image part cor- 
resDcrdinq ^ne radiation blocking material. Spe- 
cifrca.'v "-e eveis of the image signal components 
of tf-e -je.tr inary read-out image signal Sp for the 
image .-a^t - :rresponding to the radiation blocking 
marena. a.e distinctly higher than those for the 
othe' .mage part Therefore, the values of the im- 
age s.gRaJ components of the preliminary read-out 
fmage signal Sp corresponding to positions on th 
stlmu:ac^ phosphor sheet 103 located along a line 
extending across the image part corresponding to 



the radiation blocking material are distributed as* 
shown in Figure 4A. Accordingly, as shown in Rg- 
ure 4B. th values of th differences of adjacent 
aforesaid image signal components change mar- 
5 kedly at a contour of the image part corresponding 
to the radiation blocking material. The prospective 
contour point signal" detecting section 223 detects a 
point, at which the absolute value of a difference 
exceeds the predetermined threshold value Th, as 
w a prospective contour point 

Thereafter, the prospective contour point signal 
detecting section 223 finds the positions of picture 
elements, respectively corresponding to the pro- 
spective contour points detected in the manner 
^5 described above, and feeds a signal Se represent- 
mg the positions of the picture elements into the 
signal extracting section 224. Most of the prospec- 
tive contour points detected in the manner de- 
scnbed above are present on the contour of the 
20 image part corresponding to the radiation blocking 
material. However, because the image density 
changes sharply also at some positions in the 
object image part of a radiation image, several 
points which are not truly present on the contour of 
25 the image part corresponding to the radiation bloc- 
king material are detected as the prospective con- 
lour points. 

The signal extracting section 224 extracts only 
the Image signal components representing the po- 
30 sitlons . of the picture elements, which are repre- 
sented by the signal Se,^frbm the preliminao^ read- 
out image signal: Sp.i^d;fe^ 
cut image signi Sp- cbmpdisecl of the extracted 
image signal components into the prbbabillty den- 
35 sity function analyzing section 225. The probability 
density function analyzing section 225 generates a 
probability density function of the preliminary read- 
out image signal Sp , and finds an image signal 
value which occurs most frequently, i.e. the image 
^ signal value corresponding to the maximum value 
of the probability density function. By way of exam- 
ple, the probability density function shown in Rg. 
ure 6 is obtained. In which an image signal value 
Sc corresponds to the maximum value of the prob- 
es ability density function. The probability density 
function analyzing section 225 feeds a signal St, 
which represents the image signal value Sc. Into 
the signal extracting section 350 of the control 
circuit 314. 

50 The signal extracting section 350 extracts only 
the Image signal components v/ocse values are not 
smaller than the image signal /alue Sc from the 
preliminary read-out image signal Sp which is re- 
ceived from the A/0 converter 211. The signal 
55 extracting section 350 feeds a preliminary read-out 
'mage signal Sp composed of the extract d imag 
signal components into the probability density 
function analyzing section 351. As described 
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above, it is considered that the image signal vaJue 
Sc corresponding to the maximum value of th 
probability density function represents th image 
information stor d at the contour of th imag part 
corresponding to the radiation blocking material s 
which image part has a markedly low image den- 
sity. Therefore, the preliminary read-out image sig- 
nal Sp' extracted in the manner described above 
and fed into the probability density function analyz- 
ing section 351 substantially represents only the io 
Image part outside of the image part conresponding 
to the radiation blocking material. Specifically, the 
probability density function of the whole preliminary 
read-out image signal Sp is indicated by h in 
Figure 7, whereas the probability density function is 
of the extracted preliminary read-out image signal 
Sp' is represented by the region of curve h for the 
image signal values larger than the image signal 
value Sc In Rgure 7. (That is, the hatched region in 
Rgure 7 is removed from the probability density 20 
function of the whole preliminary read-out image 
signal Sp.) The aforesaid setting values (a), (b) and 
(c) are adjusted on the basis of the probability 
density function of the preliminary read-out image 
signal Sp. Therefore, the setting values (a), (b) and 25 
(c) are not adversely affected by the image part 
corresponding to the radiation blocking material, 
which image part has a very low image density, are 
made suitable for the radiation image information 
about the object. When the read-out conditions for 30 
the final readout are adjusted oh the basis of the 
setting valueS(Xia) and (b) -determined In this mjan- 
ner arid/or the image processing conditions are 
adjusted on the basis of the setting vaiue (c) deter- 
mined in this manner, it ts possible to reproduce a 35 
visible radiation image suitable for viewing pur- 
poses, particularly for diagnostic purposes. 

In the aforesaid embodiment the image signal 
value Sc Is used as U^.e •reference signal value 
during the signal extraction in the signal extracting 40 
section 350. Alternatively, a signal value on tiie 
image density side slightly :ower tiian the image 
signal value Sc may be us^d as^said reference . ^ 
signal value. Also, when probability density 
function of ttie preliminary ead-out image signal 4S 
Sp" is generated, the freouences of occurrence of 
the image signal ccmccne'^is of the preliminary 
read-out image signai So n?ay be weighted with 
ttie absolute values of the conresponding differen- 
tiated values so tiiat the image signal value repre- so 
senting the contour '(x^ i«rage part conrespond- 
ing to Uie radiation bmcK-n^ matenal conresponds 
more reBably to the n-.ax^JErjyai value of tiie prob- 
ability density ^nctlo!:. 

In general, ti^e ':i-o!iir:ihcsry readout described 55 
above is carried out -cr elements which are 
larger titan tiiosa of t'le %i8fi readout Differentiation 
processing may icaii;f^ ?ut on Image signal 



components obtained by such a comparatively 
rough read-out operation. Alternatively, tiie image 
signal components may be interpolated to obtain 
imag signal components representing picture ele- 
ments of a finer resolution, and differentiation pro- 
cessing may be carried out for tills larger number 
of image signal components. Also, differentiation 
processing may be conducted for image signal 
components obtained from averaging of image sig- 
nal components detected at a plurality of picture 
elements. 

Also, in tfie aforesaid embodiment, a desired 
Image signal range is determined on Uie basis of 
the preliminary read-out image signal Sp. It is also 
possible to determine a desired Image signal range 
in tiie same manner as that described above on tiie 
basis of the final read-out Image signal So. In this 
case, tiie desired image signal range is utilized, for 
example, to adjust the image processing condition 
setting value (c). 

The aforesaid embodiment is utilized to as- 
certain the image Input information about the object 
accurately and to adjust tiie read-out conditions for 
tiie final readout and/or tiie image processing con- 
ditions on the basis of tiie Image input information. 
The method for determining a desired image signal 
range In accordance witii tiie present invention Is 
also applicable to otiier purposes. 

In the aforesaid embodiment, a stimulable 
phosphor sheet is used as the recording medium 
Jor recording a radiation Image., However,; tiie mietii- 
;od for detjamiining a desireid Imiage signal range in 
accordaioa with : the is also ap^ 

pllcable to cases where a* riadiatibiri image is read 
out from a recording medium such as silver hallde 
photographic film on which an X-ray Image has 
been recorded. 

A first embodiment of the metiiod for determin- 
ing a desired image region In accordance with tiie 
present Invention will be described hereinbelow 
witii reference to Rgure 9. Rgure 9 shows an 
image region determining means 240 which is 
used in the radiation image recording and repro- 
ducing system shown In Rgure 1 in lieu of ttie 
image signal range determining means 220 shown 
in Rgure 5. 

The image region determining means 240 is 
composed of a differentiation processing section 
241, a tiireshold value adjusting section 242. a two- 
valued system generating section 243, a judging 
section, and a region specifying section 245. The 
preliminary read-out image signal Sp is fed into the 
differentiation processing section 241. The differen- 
tiation processing section 241 differentiates tiie 
components of tiie preliminary read-out Image sig- 
nal Sp corresponding to positions on tiie stimulabi 
phosphor sheet 103 located along a line 01, tiien 
along lines D2, 03, .... On sh wn In Rgure 2 or 
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Figure 3. Differentiation processing may be of the 
one-dimensional typ of first or higher order, or 
may be of the two-dimensional type of first or 
higher order. In cases of a discretely sampled 
image, differentiation is equivalent to calculation of 
tfie difference between the values of neighboring 
image signal components. In this embodiment, the 
difference in the values of neighboring image sig- 
nal components is calculated. The lines 01 through 
On are set so that they cover all area of the 
stimufable phosphor sheet 103 and at least some 
of them extend across the image part con-espond- 
ing to the radiation blocking material such as the 
image part J corresponding to the radiation bloc- 
king plate. In this embodiment, the lines 01 
through On are parallel to one side of the stimula- 
ble phosphor sheet 103 and are spaced apart from 
one another. Alternatively, a plurality of lines may 
be set which radiate from the center point of the 
strmulable phosphor sheet 103. 

Differentiation processing is carried out, and 
the differences among image signal components of 
the preliminary read-out image signal Sp corre- 
sponding to adjacent positions on the stimulable 
phosphor sheet 103 are calculated. A signal Sm 
representing the differences is fed into the two- 
valued system generating section 243. Based on 
the signal Sm representing the differences and a 
signal Sth which represents a threshold value Th 
and which is . received from the threshold value 
adjusting section 242. the two-valued system gen- 
erating section 2|43 detects points on the ^tirriulable 
phosphor sheet 103 where energy from scattered 
radiation is considered to be stored. Specifically, a 
small number of X-ray quanta anived at this part of 
the stimulable phosphor sheet 103 con^esponding 
to the radiation blocking material when a radiation 
image was stored on the stimulable phosphor sheet 
103. Therefore, the image signal components re- 
presenting the image part con-espondlng to the 
radiation blocking material includes many noise 
components. As a result the values of the image 
signal components of the preliminary read-out im- 
age signal Sp corresponding to positions on the 
stimulable phosphor sheet 103 located along a line 
extending across the image part conresponding to 
the radiation blocking material are distributed as 
shown in Rgure 8A. Accordingly, as shown in Rg- 
ure SB. the values of the differences of adjacent 
aforesaid image signal components change mar- 
kedly at the part where noise is present The two- 
valued system generating section 243 detects 
points at which the absolute values of differences 
exceed th predetemalned threshold value Th. and 
allocates a logical value "1" to these points. The 
two-valued system generating section 243 allocates 
a logical valu "0** to points al which the absolute 
values of differences at not larger than the pre- 



determined threshold value Th. Th reafter. the two- 
valued system generating section 243 feeds a sig- 
nal Se representing the two-valued system' to the 
judging section 244. 
5 As described above, the logical value "1 " is 
allocated to the points corresponding to the part 
where energy from scattered radiation is stored. 
The logical value "1 " is also allocated to points 
corresponding to the object image part where the 
to image density changes sharply. However, in the 
image part conresponding to the radiation blocking 
material, energy from scattered radiation is stored 
densely at a level maricedly higher than the level of 
energy stored in the surrounding part. Therefore, 
rs the points allocated with the logical value "1 " are 
present densely in the image part coiresponding to 
the radiation blocking material. 

Upon receiving the signal Se representing the 
two-valued system, the judging section 244 clas- 
20 sifles the signal Se into groups of information cor- 
responding to blocks B1, B2, B3 Bm of the 

stimulable phosphor sheet 103 as shown in Rgure 
10. The judging section 244 counts how many 
logical values "1" are included in each group. The 
25 judging section 244 finds blocks associated with 
the number of the logical values "1" which is not 
larger than a predetermined value a, and feeds a 
- signal Sn representing these blocks to the region 
specifying section 245. As described above, the 
30 points allocated vSith the^; to^^ value "1" are 
presertt densely in the! ima^^ part corresponding to 
the radiation blocking ma^ blocks 
associated with the nurnber of the IbglcaJ values 
-r which is hot larger than^a predetermined value 
35 a can be regarded as being present In the region 
outside of the image part corresponding to the 
radiation blocking material. Specifically, in cases 
where processing is carried out in the manner 
described above for the stimulable phosphoi' sheet 
40 103 on which the image part J conresponding to 
the radiation blocking plate is stored as shown in 
Rgure 3. blocks associated with the number of the 
logical values "1" larger tiian a predetermined val- 
ue a are present in the hatched region In Rgure 
45 10. The other blocks are associated with the num- 
ber of the logical values "I " which is not larger 
than a predetermined value a. 

In tills embodiment the sizes of the blocks 81 
through Bm are equal to one another, and tiierefore 
50 the number of the logical values "1 " occum'ng for 
each block is counted in order to find the degree 
with which the logical value "1" ocdurs for each 
block. In cases where the sizes of the blocks Bl 
through Bm are different from one anotii r, tiie 
55 d gree of occurrence of the logical valu *'1 " (for 
example, tiie ratio of tfie number of the picture 
elements, which correspond to a block and which 
are allocated with the logical value "1". to th total 
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number of the pictur elements corresponding to 
the block) Is found, and a signal Sn representing 
the blocks associated with the degree of occur- 
rence of Ih logical value "1 " which degree is not 
larger than a predetermined degree is fed into the 
region specifying section 245. 

The region specifying section 245 finds a re- 
gion composed of the blocks represented by the 
signal Sn fi.e. the region outside of the hatched 
part in Figure 10). and feeds a signal St represent- 
ing said region into the signal extracting section 
350 of the control circuit 314. 

The signal extracting section 350 extracts only 
the image signal components corresponding to the 
region represented by the signal St from the pre- 
liminary read-out image signal Sp which is re- 
ceived from the A/D converter 211. The signal 
extracting section 350 feeds a preliminary read-out 
Image signal Sp' composed of the extracted image 
signal components into the probability density 
function analyzing section 351. The region repre- 
sented by the signal St is the part of the whole 
region of the stimulable phosphor sheet 103. which 
part Is present substantially on the outward side of 
the image part corresponding to the radiation bloc- 
king material. Therefore, the preliminary read-out 
image signal Sp extracted in the manner de- 
scribed above and fed into the probability density 
function analyzing section 351 substantially repre- 
sents only the image part outside of the image part 
conresponding to the radiation blocking mateiial. 
The aforesaid setting values (a), (b) and (c) are 
adjusted on the basis of the probability density 
function of the preliminary read-out image signal 
Sp'. Therefore, the setting values (a), (b) and (c) 
are not adversely affected by the image part cor- 
responding to the radiation blocking material, which 
Jmage part has a very low Image density, are made 
suitable for the radiation image information about 
the object. When the read-out conditions for the 
final readout are adjusted on the basis of the set- 
ling values (a) and (b) determined in this manner 
and/or the image processing conditions are ad- 
justed on the basis of the setting value (c) deter- 
mined In this manner, it is possible to reproduce a 
visible radiation image suitable for viewing pur- 
poses, particularly for diagnostic purposes. 

In this embodiment, in order to convert the 
Jmage Information Into the two-valued system, an 
investigation is made as to whether or not the 
absolute values of the differentiated values exceed 
the threshold value. The processing for. converting 
the Image Information into the two-valued system 
need not necessarily be carried out and the de- 
gree with which the points associated with the 
absolute values of the differentiated values exceed- 
ing the threshold value occur may be detected. 
A second embodiment of the method for deter- 



mining a desired image region in accordance with 
the present invention will be described hereinb low 
with reference to Rgure 11. Rgure 11 shows an 
image region determining means 250 which is 
5 used in the radiation image recorcling and r pro- 
ducing system shown in Rgure 1 in lieu of the 
image region determining means 240 shown in 
Rgure 9. 

The preliminary read-out image signal Sp is 

70 fed Into an orthogonal transformation section 251 of 
the Image region determining means 250, which 
cam'es out two-dimensional orthogonal transforma- 
tion of the preliminary read-out image signal Sp. 
For example, as shown in Rgure 12. the two- 

is dimensional orthogonal transformation is conducted 
on tine image signal components corresponding to 
each of rectangular blocks B, B, ... each of which 
comprises MxN number of samples (picture ele- 
ments). As ttie ortiiogonai transformation, Fourier 

zo transformation, cosine transformation, Hadamard 
transformation, or the like is used. Since the trans- 
formation matrix in Hadamard transformation Is 
constituted just by +1 and -1, Hadamard trans- 
fonnation can be executed by use of a transforma- 

25 tion circuit simpler tiian In tiie otiier types of or- 
thogonal transformation. Also, as is well known, 
two-dimensional ortiiogonai transformation can be 
reduced to one- dimensional orthogonal transfor- 
mation. Specifically, in order to cany out tiie two- 

30 dimensional ortiiogonai transformation, the image 
signal components at4he lyixN number of picture 
elements in a two-dimensional block B is subjected 
to one-dimensipnal ortiiogonai transformation along 
ttie longitudinal direction, and tiien the MxN num- 

35 ber of transformed signals tiius obtained are sub- 
jected to one-dimensional orthogonal transforma- 
tion along the transverse direction. The transforma- 
tion along tiie longitudinal direction and tiie trans- 
formation along the transverse direction may be 

40 conductisd in tiie reversis order. 

As shown in Rgure 13. Iransfonmed signal 
components U obtained from ttie two-dimensional 
orthogonal transformation are put side by side in 
each block 3 in ttie longitudinal and transverse 

46 directions In the order of the sequency of ttie 
function on wnlch ttie orthogonal transformation Is 
based (for example, the Walsh function In the case 
of Hadamard transformation, or ttie trigonometrical 
function in tiie case of Fourier transfomiation). 

50 Since tiie sequency conresponds to ttie spatial fre- 
quency, ttie transformed signal components U are 
an-anged In the order of ttie spatial frequency. I.e. 
In tiie order of ttie density of the detail components 
of ttie Image, in ttie longitudinal and transverse 

55 directions in ttie block 8. In Rgure 13. a trans- 
fomned signal component U(1,1) at ttie left end 
column on ttie top row corresponds to sequency 0 
(zero). As Is well known, ttie transfomned signal U- 
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(1.1) represents the average image density in the 
blocks. 

The transformed signal components U ar- 
ranged in the order of the sequ ncy of the function 
on which the two-dimensional orthogonal transfor- 
mation is based are sent to a characteristic value 
calculating section 252 shown in Rgure 11. The 
characteristic value calculating section 252 adds 
the absolute values of the transformed signal com- 
ponents among the transformed signal components 
U for each block B, which transformed signal com- 
ponents are on the frequency side higher than the 
sequency which coirresponds to a specific, mar- 
kedly high spatial frequency, i.e. on the side lower 
than the arc R in Rgure 13. The sum is larger as 
more components of a markedly high frequency 
are included in the image information correspond- 
ing to the block B. Therefore, the sum represents 
the proportion with which super-high frequency 
components are present in the image information 
conresponding to the region inside of each block. 

A signal Sb representing the sums calculated 
for the respective blocks B, B. ... is fed into a 
comparing section 253. The comparing section 253 
compares the sums represented by the signal Sb 
with a threshold value J3 which is set by a threshold 
value adjusting section 254. The comparing section 
253 finds the blocks associated with the sums 
smaller than the threshold value 0, i.e. the blocks 
associated with the proportions sirnaller than a pre- 
determined value (which corresponds to the thiresh- 
old value /S), and feeds a signal Sn representing 
these blocks into a region specifying section 255. 

The region specifying section 255 finds a re- 
gion composed of the blocks represented by the 
signal Sn. and feeds a signal St representing said 
region into the signal extracting section 350 of the 
control circuit 314: 

The signal extracting section 350 extracts only 
the image signal components corresponding to the 
region represented by the signal St from the pre- 
liminary read-out Image signal Sp which is re- 
ceived from the A/0 converter 211. The signal 
extracting section 350 feeds a preliminary read-out 
image signal Sp composed of the extracted image 
signal components into the probability density 
function analyzing section 351. 

As described above, the image signal compo- 
nents representing the image part corresponding to 
the radiation blocking material include many noise 
components. Therefore, the sums calculatea ^or the 
respective blocks B. B, ... located in the image part 
corresponding to the radiation blocking matenal are 
distinctly larger than those for the blocks B, B. ... 
located in the image part outside of the image part 
corresponding to the radiation blocking material. 
Therefore, the region comp sed of the blocks as- 
sociated with the sums smaller than the threshold 



value 0 can be regarded as being the region out- 
side of the image part corresponding to the radi- 
ation blocking material. Accordingly, the prelimi- 
nary read-out image signal Sp' extracted In the 
5 manner described above, substantially represents 
only the image part outside of the image part 
corresponding to the radiation blocking material. 
With this embodiment, the same effects as with the 
aforesaid first embodiment are obtained. 
10 In this embodiment, the sum of the absolute 
values of the transformed signal components is 
used as the characteristic value representing the 
proportion with which super-high frequency compo- 
nents are present in the image information cor- 
;5 responding to the region inside of each block B. As 
the characteristic value, it is also possible to use 
the sum of squares of the values of the trans- 
formed signal components, or the like. Alternative- 
ly, tile absolute values of tiie transformed signal 
20 components U. the squares of the values of the 
transfomaed signal components .U, or the like may 
be cumulated starting witii the ti'ansformed signal 
component associated with the sequency corre- 
sponding to the maximum frequency and continu- 
es ing with transfonmed signal components associated 
witii tiie sequency corresponding to tiie low fre- 
quency side. The sequency associated with the 
value resulting from tiie cumulation, which value - 
reaches a predetermined value, may be used as 
30 the aforesaid characteristic value. This is becauise 
the valiie rissulting from ^^^^ cumulation reaches a 
predeterrnined vialue at a sequency correisponding 
to a higher frequency as the proportion with which 
super-high frequency components are present iri 
35 the image information corresponding to tiie region 
inside of each block B is higher. 

A tfiird embodiment of tiie method for deter- 
mining a desired image region in accordance witii 
the present invention will be described hereinbelow 
40 with reference to Rgure 14. FHgure 14 shows an 
image region determining means 260 which is 
used in the radiation image recording and repro- 
ducing system shown in Rgure 1 in lieu of the 
Image region determining means 240 shown in 
45 Rgure 9. 

The preliminary read-out image signal Sp is 
fed into ah operating section 261 of the image 
region .determining means 260. The operating sec- 
tion 261 sets a logical space determined by an x-y- 
50 2 coordinate system as shown in Rgure 15, and 
sets tiie x-y plane corresponding to tiie stimulable 
phosphor sheet 103. The operating section 261 
plots points G1, G2. G3. ... so tiiat they are spaced 
apart along ttie z axis from th x-y plan by dis- 
ss tances which conrespond to values of tiie Image 
signal components of tfie preliminary read-out Im- 
age signal Sp. Specifically, coordinate points Q1, 
Q2, Q3, ... which correspond to positions of pictur 

14 



27 



EP 0 360 231 A2 



28 



t 



elements located on the stimulable phosphor sheet 
103 are set In the x-y plane. The points G1, Q2. 
G3, ... ar set so that th values of the imag 
signal components of the pr llmlnary read-out Im- 
age signal Sp at the positions of the picture ele- 
ments corresponding to the respective coordinate 
points Q are expressed as the distances between 
the points Q and Q. Thereafter, the operating sec* 
lion 261 extracts small divisions b'. b', ... In the x-y 
plane (only a single hatched small division B is 
shown in Rgure 15), which small divisions cor- 
respond to small blocks B. B. ... of the stimulable 
phosphor sheet 103. For each small division B , a 
plane W Is formed In which all of the points G1, 
G2. G3. ... spaced from the coordinate points Q1. 
Q2. Q3, ... in the small division b' lie. The operat- 
ing section 261 calculates the surface areas of the 
planes W, W, ... thus formed for the respective 
small divisions b'. b', ... {I.e. for the respective 
blocks B. B. ...). and feeds a signal Sw represent- 
ing the surface areas into a companng section 263. 

The comparing section 263 compares the sur- 
faces areas represented by the signal Sw with a 
threshold value 7 which Is set by a threshold value 
adjusting section 262. The comparing section 263 
finds the blocks B, B, ... corresponding to the small 
divisions b'. b', ... associated with the surface 
areas smaller than the threshold value y, and feeds 
a signal Sn representing these blocks B. B. ... into 
a region specifying section 264. 

The region specifying section 264 finds a re- 
gion composed of the blocks represiented by the 
signal Sn. and feeds a signal St irepresenting said 
region into the signal extracting section 350 of the 
control circuit 314. 

The signal extracting section 350 extracts only 
the image signal components conresponding to the 
region represented by the signal St from the pre- 
liminary read-out image signal Sp which Is re- 
ceived from the A/D converter 211. The signal 
extracting section 350 feeds a preliminary read-out 
image signal Sp' composed of the extracted Image 
signal components Into the probability density 
function analyzing section 351. 

As described above, the image signal compo- 
nents representing the image part con'esponding to 
the radiation blocking material include many noise 
components. Therefore, for small divisions B , B . 
... corresponding to the blocks B. B. ... located in. 
the image part corresponding to the radiation bloc- 
king material, the aforesaid surface areas are com- 
parativeiy large. This Is because the distances of 
the points Q from the coordinate points Q are very 
random. On the other hand, for small divisions B , 
b'. ... con'esponding to the blocks B, B, ... located 
in the image part outside of the image part cor- 
responding to the radiation blocking material, the 
aforesaid surface areas are comparatively small 



because the distances of the points Q from tiie 
coordinate points Q are not very random. There- 
fore, the region composed of the blocks B. B. ... 
corresponding to the small divisions B , 6 , ... asso- 

5 dated with tti surface areas smaller than the 
tiireshold value 7 can be regarded as being the 
region outside of the image part corresponding to 
the radiation blocking material. Accordingly, the 
preliminary read-out Image signal Sp extracted In 

10 the manner described above substantially repre- 
sents only the image part outside of the image part 
corresponding to the radiation blocking material. 
Witti this embodiment, the same effects as with the 
aforesaid first embodiment are obtained. 

15 In this embodiment, the sizes of the blocks 8. 
B, i.e. Uie sizes of tiie small divisions b', B . ... 
are equal to one anotiier. Therefore, the surface 
area of the plane W for each small division b' is 
calculated in order to detect the ratio of tiie surface 

20 area of the plane W to the area of the small 
division b'. In cases where the sizes of the blocks 

B, B are different from one another, the ratios 

of the surface areas of the planes W, W. ... to the 
areas of the smalt divisions b', b'. ... Is calculated. 

25 and a signal Sn representing tiie blocks B, B. ... 
corresponding to the small divisions B , B , ... asso- 
ciated witii tiie ratios smaller than a predetermined 
value Is fed into tiie region specifying section 264. 
In general, the preliminary readout described 

30 above is carried out for picture elements which are 
larger tiian those of tiie final readout. Differentiation 
processing in the first embodiment of the method 
for determining a desired image regidn in accor- 
dance with tiie present invention, orthogonal trans- 

35 fomnation processing in the second erhbodimeht of 
tine metiiod for detemnlnlng a desired Image region 
in accordance witii tiie present invention, and pro- 
cessing for calculating the surface area of tiie 
. planes W, W in the tiiird embodiment of tiie 

40 metiiod for determining a desired Image region in 
accordance with tfie present Invention may be car- 
ried out on Image signal components obtained by 
such a comparatively rough read-out operation. Al- 
ternatively, ttie image signal components may be 

45 Interpolated to obtain image signal components 
representing picture elements of a finer resolution, 
and tiie aforesaid types of processing may be 
carried out for tills larger number of image signal 
components. Also, tiie aforesaid types of process- 
so ing may be conducted for image signal compo- 
nents obtained from averaging of image signal 
components detected at a plurality of picture ele- 
ments. 

Also, in tiie aforesaid embodiments of ttie 
65 metiiod for determining a desired image region in 
accordance witii the present invention, a desired 
image region is determined on the basis of the 
preliminary read-out image signal Sp. It Is also 
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possibi to determihe* a desired imag region in 
the same manner ^as that describ d abov oh the 
basis of the final read-out image signal So. In this 
case, the desired image region is utilized, for ex- 
ample, to adjust the image processing condition 
setting value (c). 

The aforesaid embodiments of the method for 
determining a desired image region in accordance 
with the present invention is utilized to ascertain 
the image input information afpout the object ac- 
curately and to adjust the read-but conditions for 
the final readout and/or the image processing con- 
ditions on the basis of the image input information. 
The method for determining a desired image re- 
gion in accordance with the present invention is 
also applicable to other purposes. 

In the aforesaid embodiments of the method 
for determining a desired image region in accor- 
dance with the present invention, a stimulable 
phosphor sheet is used as the recording medium 
for recording a radiation image. However, the meth- 
od for determining a desired image region in accor- 
dance with the present invention is also applicable 
to cases where a radiation image is read out from a 
recording medium isuch as silver haltde photo- 
graphic film on which an X-ray image has been 
recorded. 

eiaims 

1. A method for determining a desired image 
signal range substantially representing only a de- 
sired part of a radiation image which part'is outside 
of an image part corresponding to a radiation bloc- 
king material, from an image signal which has been 
detected during an image read-out operation from 
a recording medium having the radiation image 
recorded thereon together with an Image of the 
radiation blocking material, 
the method for determining a desired image signal 
range comprising the steps of: 

i) carrying out differentiation processing on image 
signal components of said image signal corre- 
sponding to positions located along each of a plu- 
rality of lines on said recording medium, which 
lines include lines extending across the image part 
corresponding to said radia.tion blocking material. 

ii) finding, the absolute values among the values 
resulting from the carrying out of the differentiation 
processing on said Image signal components, 
which absolute values exceed a predetermined 
threshold value, and extracting the image signal 
components which correspond to the points on 
said recording medium associated with the ab- 
solute values exceeding said threshold value. 

ill) gen rating a probability density function f the 
®(tracted imag signal components, and finding a 



. specific signal value which is determined by a 
signal value corresponding to the maximum value 
of the probability density function, and 
iv) determining the signal range on the higher im- 
5 age density side than said specific signal value as 
. said desired image signal range. 

2. A method for determining a desired image 
signal/range as defined in Claim 1 wherein pro- 
cessing for calculating the differences between 
70 neighboring image signal components is carried 
out as said differentiation processing. 

.3. A method for determining a desired Image 
signal range as defined in Claim 1 wherein said 
specific signal value is a signal value correspond- 
75 ing to the maximum value of said probability den- 
sity function. 

4. A method for determining a desired image 
signal range as defined In Claim 1 wherein said 
specific signal value is a signal value on the Image 

20 density side slightly tower than a signal value cor- 
responding to the maximum value of said probabil- 
ity density function. 

5. A method for determining a desired image 
signal range as defined in Claim 1 wherein a plural- 

25 ity of said lines are. parallel to one another. 

6. A method for determining a desired image 
signal range as defined in Claim 1 wherein a plural- 
ity of said lines radiate from a- single point on said 
recording medium. 

30 7. A metf;)6d for determining a desired image 
signal i^ange as defineid in any of Claims t through 
6 wherein said recbrxjinig nied^ 
phosphor sheet, and saud imkge sighEd is dete 
during an image read-out operation wherein sdd 

35 stimulabie phosphor sheet is scanned with stimulat- 
ing rays which causes It to emit light in proportion 
to the amount of energy stored thereon during 
exposure to radiation, and the emitted light is de- 
tected phbtbelectrically. 

40 8. A method for determining a desired image 
region on a recording medium having a radiation 
image of an object recorded thereon together with 
an image of a radiation blocking material, which 
image region substantially carries only a desired 

45 Image part outside of the innage part corresponding 
to the radiation blocking material, - 
the method for determining a desired image region 
comprising the steps of: 

i) carrying out an image read-out operation from 
50 said .'ecording medium in order to obtain an image 
signal. 

'D carrying out differentiation processing on image 
signal components of said image signal corre- 
sponding to positions located along each of a plur 
55 rality of lines on said reconjing medium, which 
lines include lines extending across the image part 
corresponding to said radiation blocking material, 
ill) finding the absolute values among the values 

16 
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resulting from the carrying out f the differentiation 
processing on said image signal components, 
which absolute values exceed a predetermined 
threshold value. 

Iv) dividing the area of said recording medium into 
a plurality of small blocks, and finding the degree 
of occurrence with which the points on said record- 
ing medium associated with the absolute values 
exceeding said threshold value occur in each of 
said small blocks, and 

v) determining a group of the small blocks, in 
which the degrees of occurrence of said points are 
not higher than a predetermined degree, as said 
desired image region. 

9. A method for determining a desired image 
region as defined in Claim 8 wherein processing for 
calculating the differences between neighboring im- 
age signal components is carried out as said dif- 
ferentiation processing. 

10. A method for determining a desired image 
region as defined in Claim 8 wherein a plurality of 
said lines are parallel to one another. 

11. A method for determining a desired image 
region as defined in Claim 8 wherein a plurality of 
said lines radiate from a single point on said re- 
cording medium. 

12. A method for determining a desired image 
region as defined In Claim 8 wherein the sizes of 
said small blocks are equal to one another, and the 
number of said points which occur is found as the 
de^ireNS of occurrence; with which said points occur. 

13. A method for deterrh 

region as defined in any of Clairhs 8 thw^ 
wherein said recording rhodlurf^ is a stimulabie 
phosphor sheet, and said image signal Is detected 
during an Image read-out operation wherein said 
stimulabie phosphor sheet is scanned with stimulat- 
ing rays which causes it to emit light In proportion 
to the amount of energy stored thereon during 
exposure to radiation, and the emitted light is de- 
tected photoelectrically. 

14. A method for detenmining a desired Image 
region on a recording medium having a radiation 
image of an object recorded thereon together with 
an image of a radiation blocking material, which 
image region substantially carries only a desired 
image part outside of the image part conresponding 
to the radiation blocking material, 

the method for determining a desired image region 
comorlsing the steps of: 

i) carrying out an Image read-out operation from 
said recording medium In order to obtain an image 
signal, 

11) dividing the area of said recording medium Into 
a plurality of small blocks, and canrying out or- 
thogonal transformation of image signal compo- 
nents of said image signal conresponding to each 
of said small blocks in order to obtain transformed 



signal components, 

iii) finding a characteristic value, which represents 
the proportion with which super-high frequency 
components are present in the image information 

5 corresponding to the region inside of each said 
small block, from the transformed signal compo- 
nents, and 

iv) determining a group of the small blocks asso- 
ciated with the proportions, which are represented 

10 by the characteristic values and which are smaller 
than a predetermined value, as said desired image 
region. 

15. A method for determining a desired image 
region as defined in Claim 14 wherein said char- 

75 acteristic value is the sum of the absolute values of 
the transformed signal components among those 
for each said small block, which transformed signal 
components are on the higher frequency side than 
a sequency which corresponds to a specific spatial 

20 frequency. 

16. A method for determining a desired image 
region as defined in Claim 14 wherein said char- 
acteristic value is the sum of squares of the values 
of the transformed signal components among those 

25 for each said small block, which transformed signal 
components are on the higher frequency side than 
a sequency which conresponds to a spedfic spatial 
frequency. 

17. A method for determining a desired Image 
30 region as defined in Claim 14 wherein the absolute 

values of the. transfprrn<^^ components for 

each said srrijsJl blodk o the squ^^^^^ Y^luas 
of the traliisfpmned s^^^ each said 

small block are cumulated stEirtlng with the trians- 

35 formed signal component associated with the 
sequency conresponding to the maximum frequen- . 
cy and continuing with transformed signal compo- 
nents associated with the sequency corresponding 
to the low frequency side, and the sequency asso- 

40 dated with the value resulting from the cumulation, 
which value reaches a predetermined value, is 
used as said characteristic value. 

18. A method for determining a desired image 
region as defined in any of Claims 14 through 17' 

45 wherein said recording medium is a stimulabie 
phosphor sheet, and said image signal is detected 
during an image read-out operation wherein said 
stimulabie phosphor sheet is scanned with stimulat- 
ing rays which causes it to emit light In . proportion 

50 to the amount of energy stored thereon during 
exposure to radiation, and the emitted light is de- 
tected photoelectrically. 

19. A method for determining a desired Image 
r glon on a recording medium having a radiation 

55 image of an object recorded thereon together with 
an image of a radiation blocking material, which 
image region substantially carries only a desired 
image part outside of the image part corresponding 
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to the radiation blocking material. 

the method for determining a desired image region 

comprising the steps of: 

i) canning out an Image read-out operation from 
said recording medium in order to obtain an Image 
signal, 

ii) setting a logical space having a plane cor- 
responding to said recording medium, and setting 
coordinate points, which correspond to positions of 
picture elements located on said recording me- w 
dium. in said plane. 

iii) expressing the values of said image signal at 
the positions of the picture elements corresponding 
to the respective coordinate points as the distances 
between points, which are spaced apart in a pre- is 
determined direction from the respective coordi- 
nate' points, and the conresponding coordinate 
points. 

iv) dividing said plane into small divisions cor- 
responding to small blocks of said recording me- 20 
dium. and calculating the surface area of a plane in 
which ail of said points spaced from the respective 
coordinate points in each said small division lie. 

and 

V) calculating the ratio of said surface area to the 25 
area of each said small division, and determining a 
group of the small blocks of said recording medium 
corresponding to the small divisions associated 
with the ratios which are smaller than a predeter- 
mined value, as said desired image region. 30 

20. A method for determining a desired image 
region as defined in Claim 19 wherein the sizes of 
said sinalt divisions are equal to one another, and 
said surface area is calculated as said ratio. 

21. A method for determining a desired image 35 
region as defined in Claim 19 or 20 wherein said 
recording medium is a stimulable phosphor sheet. 

and said image signal is detected during an image 
read-out operation wherein said stimulable phos- 
phor sheet is scanned with stimulating rays which 4b 
causes it to emit light in proportion to the amount 
of energy stored thereon during exposure to radi- 
ation, and the emitted light is detected photoelec- 
trically. 
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